The Glidescope ® Video Laryngoscope (Glidescope, Verathon Medical, Bothell, WA, USA) is a relatively new intubating device. It has been proposed to be useful for securing both routine airways and those where direct laryngoscopy may be difficult. In this prospective observational study, data for 742 intubations using the Glidescope were collected to investigate whether four factors are associated with successful tracheal intubation at first attempt using the Glidescope: previous Glidescope experience, previous direct laryngoscopy experience, level of anaesthesia training and clinical airway assessment.
The Glidescope ® Video Laryngoscope (Glidescope, Verathon Medical, Bothell, WA, USA) is a relatively new intubating device designed to provide a glottic view without alignment of the oral, pharyngeal and tracheal axes. A high-resolution camera with antifogging mechanism is built within the blade and two light-emitting diodes are mounted beside the camera for continuous illumination. A colour or black and white image is displayed on a seven-inch liquid crystal display. The blade is made of medical grade plastic and is 18 mm wide with a 60 degree anterior curvature. Therefore, patients who present with a poor Cormack and Lehane grade laryngeal view may be easier to intubate as their glottic opening is better visualised when compared with traditional direct laryngoscopy.
There are case reports indicating that the Glidescope is useful in patients with cervical spine instability, previously documented difficult direct laryngoscopies and predicted difficult laryngoscopies based on conventional airway assessment tests [1] [2] [3] [4] . Compared with direct laryngoscopy, there is evidence to suggest that tracheal intubation times are longer for easy airways but shorter or comparable for difficult airways [5] [6] [7] [8] [9] .
To date however, patient and operator factors associated with successful tracheal intubation with the Glidecope have not been thoroughly investigated. Tremblay et al recently studied patient-related factors and demonstrated that patients with difficult airways were associated with more challenging intubation using the Glidescope 10 . Operator-related factors have not been well studied. Previous trials suggest that the skill of Glidescope intubation may be easily acquired by medical personnel of variable experience and qualifications 7, 11 .
The primary purpose of this study was to determine whether four hypothesised factors, related to either the patient or the operator, were associated with successful Glidescope intubation on the first attempt. These four factors were previous Glidescope experience, previous direct laryngoscopy experience, level of anaesthesia training and preoperative airway assessment based on clinical examination and history of difficult laryngoscopy.
METHODS
Following institutional ethics approval, consent for use of information pertaining to Glidescope use was obtained from all anaesthesia personnel involved. Patient consent was deemed unnecessary due to the prospective observational nature of this study.
Glidescope intubation data was prospectively collected for all Glidescope uses between 1 January 2006 and 1 March 2008. All patients required general anaesthesia with orotracheal intubation to secure and maintain the airway. The choice to use the Glidescope was left to the attending anaesthetist's preference.
After each Glidescope intubation, a data sheet was completed by the primary operator. The information collected included patient characteristics (age, height, weight, gender), predicted direct laryngoscopy difficulty denoted as either normal, predicted difficult or documented difficult, best glottic view obtained by the Glidescope as per the Cormack and Lehane grading on the first attempt, first attempt intubation success, primary operator's qualification (anaesthetic staff, anaesthetic fellow, resident, respiratory therapist, medical student) and level of experience with both Glidescope and direct laryngoscopic intubations.
The primary operator performed an airway assessment with regard to the predicted difficulty of direct laryngoscopy for every patient. in cases where the primary operator was a medical student or respiratory therapist, the airway assessment was performed by an anaesthesia resident, fellow or staff. An airway was defined as normal if direct laryngoscopy was predicted to be easy, based on a modified Mallampati score of 1 or 2 with normal thyromental distance, normal cervical spine movement and normal mandibular protrusion. An airway with predicted difficult direct laryngoscopy was defined if the modified Mallampati score was 3 or 4. An airway with documented difficult direct laryngoscopy was defined if there had been a history of Cormack and Lehane grade iii or iV laryngeal views or failed direct laryngoscopy. Patients with difficult airway pathology such as those with laryngeal tumours and previous laryngeal surgery were excluded.
We did not instruct the operators on the use of the Glidescope. However, novice users who had no previous exposure to the Glidescope were verbally instructed on their first attempt by a staff anaesthetist. Failure was defined as the inability to insert the endotracheal tube (ETT) (Mallinckrodt Hi-Lo, St Louis, MO, USA) past the vocal cords after entering the pharynx and the eventual withdrawal of the Glidescope from the oral cavity. if the ETT could not be inserted into the oral cavity it was not considered a failure. When this occurred, the subject was allowed to insert the ETT first and insert the Glidescope afterwards.
As this was a prospective observational study, we did not control for the curvature of the ETT. The ETT curvature was left to the discretion of the operator. A Mallinckrodt Satin-Slip intubating Stylet (Mallinckrodt, St Louis, MO, USA) was used for all intubations. As per institutional standards, a 7 mm ETT was used for all women and 8 mm ETT for all men.
Statistics
Statistical analyses were performed using SAS Version 9 (SAS institute inc., Cary, NC, USA). Crude odds ratios and 95% confidence intervals (CI) were used to express the relative likelihood of first attempt success with each independent variable (preoperative airway assessment based on history and examination, previous Glidescope experience, previous direct laryngoscopy experience, level of anaesthesia training). Logistic regression analysis was used to generate adjusted odds ratio with each independent variable while controlling for other independent variables. All P values were two-sided, and significance was set at a value of 0.05.
The association of each independent variable with first attempt view was examined using Cochran-Mantel-Haenszel test. The generalised regression model with ordinal outcome (ordinal logistic regression) was further conducted to examine the odds of having a better first attempt view.
RESULTS
Data pertaining to 742 intubations were obtained (Table 1 ). There were 408 (55.0%) normal airways, 256 (34.5%) airways with predicted difficult direct laryngoscopies and 78 (10.5%) airways with documented difficult direct laryngoscopies. The overall first attempt success rate was 77.6% (576/742) ( Table 2 ). The success rate for patients with normal airways was 81.1% (331/408), for airways with predicted difficult direct laryngoscopies 73.0% (187/256) and for airways with documented difficult laryngoscopies 74.4% (58/78).
The probability of successful first attempt intubation decreased from 81 to 73% when the patients had airways with either predicted difficult direct laryngoscopies or documented difficult direct laryngoscopies. The adjusted odds ratio was statistically significant at 0.58 (95% CI 0.37 to 0.91) ( Table 3 ).
The probability of success increased with increasing experience with the Glidescope. The first attempt success rate in those with 20 to 29 previous Glidescope uses was 89.5% compared to 68.9% in those with zero to nine previous Glidescope uses.
The adjusted odds ratio was statistically significant at 2.70 (95% Ci 1.15 to 6.38) ( Table 3) .
As the grade of the Cormack and Lehane view with the Glidescope increased, the probability of first attempt success decreased. Compared to the success rate of 87.9% in those with Cormack and Lehane view grade i, the success rates in those with grade ii and iii/iV were 73.4% and 44.3% respectively. The adjusted odds ratios were statistically significant at 0.37 (95% CI 0.23 to 0.59) and 0.07 (95% Ci 0.04 to 0.13) respectively ( Table 3) .
Previous direct laryngoscopy experience was not associated with first attempt tracheal intubation success with the Glidescope.
Subgroup analysis
We performed a subgroup analysis for those with greater than 19 previous Glidescope intubations to identify success rates in 'experienced' users (those with highest adjusted odds ratio for success from our data - Table 3 ). Two hundred and sixty-eight Glidescope intubations were performed by those with more than 20 to 29 previous Glidescope intubations. The first attempt tracheal intubation success rate for this group was 93.6% (103/110) in normal airways, 81.3% (91/112) in airways with predicted difficult direct laryngoscopies and 82.6% (38/46) in airways with documented difficult direct laryngoscopies ( Table 2) .
Compared to patients with predicted normal airways, those with predicted difficult direct laryngoscopies or documented difficult direct laryngoscopies were less likely to have a better Cormack and Lehane view using the Glidescope, with an odds ratio of 0.36 (0.27 to 0.48) ( Table 4 ). 
DiSCUSSiON
Successful tracheal intubation with the Glidescope is related to previous Glidescope experience and clinical airway assessment based on conventional airway assessment tests and previous laryngoscopic intubation history. Success is not associated with previous direct laryngoscopy experience or level of anaesthesia training beyond the level of medical students.
The likelihood of success increased with increasing experience with the Glidescope. When compared with baseline (zero to nine intubations), subjects trended towards higher success rates after 10 to 19 intubations. After 20 to 29 intubations, subjects were significantly more likely to be successful than baseline. The association between first attempt success and previous Glidescope experience would be worthy of further investigation to detect any further increase in the likelihood of success beyond 20 to 29 previous uses. Our sample size was insufficient but success rate seemed to plateau after approximately 30 to 39 intubations. This observation is also consistent with other reports of the relatively rapid learning curve for using the Glidescope's 9, 11, 12 .
The rate of improvement with the Glidescope may be more rapid than that with direct laryngoscopic tracheal intubation. The learning curve for direct laryngoscopy has been reported to have a 90% success rate after 57 intubation attempts and even after as many as 80 intubations, and 18% of first year residents required assistance 13 . This possible steeper learning curve with the Glidescope may be due to the nature of visualisation. Visualisation via the liquid crystal display may allow more effective teaching by anaesthetists with greater Glidescope experience. Another reason for more rapid learning with the Glidescope may be that most subjects had some experience with direct laryngoscopy. Even minimal experience, above the level of a student, may be sufficient to allow rapid familiarisation with the Glidescope. in our study only medical students were more likely to fail with the Glidescope.
Patients with predicted difficult direct laryngoscopies and documented difficult direct laryngoscopies were less likely to be successfully intubated on the first attempt using the Glidescope. This result is not unexpected. The Glidescope, even with its 60 degree angle blade, may not be able to visualise the vocal cords. Multiple patient factors such as limited mouth opening, limited pharyngeal space for ETT manipulation and anterior larynxes may limit the overall success rates with the Glidescope. When inexperience with the Glidescope was excluded by excluding operators with less than 20 previous Glidescope intubations, a lower success rate in patients with predicted difficult direct laryngoscopies was still observed compared to those with normal airways (Table 2 ). Likewise, the success rate trended lower in patients with documented difficult direct laryngoscopies when compared to those with normal airways. However, this did not reach statistical significance, most likely due to the small population in the documented difficult group.
To date, there has been a paucity of data pertaining to success rates in patients with true difficult airways 14 . A first attempt success rate of 74.4% (58/78) for patients with documented difficult direct laryngoscopies is of clinical significance. When inexperienced Glidescope users were excluded, the success rate was 82.6% (38/46). These results reaffirm the usefulness of the Glidescope for management of both anticipated and unanticipated difficult direct laryngoscopies. One limitation of our data on the documented difficult group is that patients with pathologic difficult airways were excluded as they may be a heterogeneous group with multiple reasons for failure. Success rates for this group have not been reported.
Other trends were also observed in this study. The Glidescope was less likely to achieve a better first attempt view of the larynx in those with predicted difficult or documented difficult direct laryngoscopies, compared to those with normal airways. in addition, better Cormack and Lehane grades were associated with higher odds of successful first attempt intubation with the Glidescope. These results suggest that the decrease in success rates in patients with predicted or documented difficult direct laryngoscopies was mainly due to poorer visualisation, not failure to guide the ETT where the glottic opening is visible, as has been reported in previous studies 5, 9, 11, 12 .
We did not observe any association between direct laryngoscopy experience and success rates with the Glidescope. Two reasons may account for this. First, skills associated with Glidescope success may be completely different from skills associated with direct laryngoscopy. Second, the categories used for previous laryngoscopy experience in our questionnaire may not have had adequate sensitivity to identify true novice operators. True novices with less than 10 direct laryngoscopic intubations may be less successful with the Glidescope 15 . Our results suggest that when medical students are the primary operator, with less than 10 previous direct laryngoscopies, they were significantly more likely to fail with the Glidescope. We can postulate that basic skills may be conferred from minimal direct laryngoscopy experience to facilitate Glidescope intubation; however, specific skills, not gained from further direct laryngoscopy experience, are required to achieve greater success with Glidescope intubations.
This study had several limitations. The number of Glidescope and non-Glidescope intubations were estimated by individual operators. it was unlikely that exact records were kept and we can assume that these estimates may become inaccurate with increasing experience with either device. However, in a clinical setting, clinicians are also likely to estimate their experience as a gauge to their level of Glidescope experience.
This was a prospective non-randomised observational study. The use of the Glidescope was optional and left to the discretion of the attending anaesthetist who could have chosen conventional and more familiar techniques in the setting of both predicted difficult and documented difficult direct laryngoscopies. However, the high proportion of predicted and documented difficult direct laryngoscopies suggests that anaesthetists may have preferentially chosen to use the Glidescope for perceived challenging direct laryngoscopies. We identified primary operators by their level of anaesthesia training and previous Glidescope experience, not as individuals. As such, a selfselected group of operators may have contributed to a selection bias in the study as they became increasingly familiar with the Glidescope and opted to use it in airways with anticipated difficult direct laryngoscopies. This may have influenced the overall success rate obtained.
The success rate of 81% in the group with normal airways was low compared to other studies which generally demonstrated greater than 90% 14 . This was expected given the heterogeneous group of operators ranging from medical students to staff anaesthetists with variable Glidescope experience. Also, our definition of failure was stringent as it was defined as first attempt failure. This definition may have underestimated the actual clinical success rate. Clinically, multiple attempts with appropriate adjustments of the ETT curvature is an acceptable and safe practice when using the Glidescope.
in conclusion, success with the Glidescope is associated with previous Glidescope experience, but unrelated to previous direct laryngoscopy experience or level of anaesthesia training beyond the level of medical students. These results suggest that Glidescope intubation can be learned independently of previous traditional airway management skills. With experience, the high success rate of 82.6% in documented difficult airways reaffirms the role of the Glidescope in the management of airways where direct laryngoscopy may be potentially difficult or during a failed laryngoscopy.
